Over a two year period 100 infants with histories of wheeze were challenged with nebulised water. They were sedated and lung function measured by total body plethysmography. Thirteen of the 53 infants who developed bronchoconstriction after challenge with nebulised water were given nebulised sodium cromoglycate and rechallenged with nebulised water. All infants were initially challenged with normal saline, after which there was no significant change in lung function. After challenge with nebulised water and sodium cromoglycate there were significant decreases in specific conductance compared with those found after challenge with normal saline. After rechallenge with nebulised water there was no deterioration in lung function. Although sodium cromoglycate caused a deterioration in lung function in these infants, it protected their airways from challenge with nebulised water.
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Nebulised sodium cromoglycatel and salbutamol2 have little clinical effect on the airways of children under the age of 1 year. Recently, however, nebulised salbutamol has been shown to protect against the bronchoconstricting action of nebulised water in infants,3 but it may cause a transient paradoxical deterioration in the lung function of wheezy infants. 4 The cause of this deterioration is not known, but may be associated with the acidity, preservatives, or osmolality of the nebulised solution, or with the drug itself.
The aim of this study was to assess how much nebulised sodium cromoglycate protected the airways of wheezy infants from challenge with nebulised water. The immediate reaction to the sodium cromoglycate nebuliser solution, which is hypo-osmolar was assessed. histories of wheeze were challenged with nebulised water. Thirteen of the 53 infants who developed bronchoconstriction after the challenge were entered into this study (table 1) . At the time of the investigation two infants had mild wheeze. The others were clinically well and it was at least two months since their bronchiolitic illness. No infant had had an upper respiratory tract infection in the two weeks leading up to the study.
Patients and methods
The infants were sedated with chloral hydrate 120 mg/kg and thoracic gas volume and airways resistance were measured by total body plesthysmography as previously described.5 Baseline measurements of thoracic gas volume and airways resistance were made. Ultrasonically nebulised normal saline (21°C, volume 150 ml) from an intersurgical Variosonic nebuliser at setting 3 was given to the infants by face mask for two mintues at a flow rate of 5 1/minute. Thoracic gas volume and airways resistance were measured immediately after nebulisation and at five minute intervals until the readings were stable (defined as no change over a five minute period). A dense mist occasionally escaped from the space between the mask and the face in the first few seconds of nebulisation owing to an inadequate seal. The mask was readjusted and the study restarted with an adequate seal.
Infants were given ultrasonically nebulised water from the same nebuliser (21°C volume, 150 ml) for two minutes. Thoracic gas volume and airways resistance were again measured at regular intervals until readings were stable. The infants who developed signs of bronchoconstriction after being given nebulised water were given nebulised sodium cromoglycate through a Unicorn nebuliser chamber (Medic AID) (volume 2 ml of 1% sodium cromoglycate). A flow rate of 4-5 1/minute was maintained for five minutes. Thoracic gas volume and airways resistance were measured until stable.
Fifteen minutes after receiving the nebulised sodium cromoglycate the infants were chal- given nebulised sodium cromoglycate and were ient, they unable to complete the full study. The change the plel-in specific conductance in these patients after ese tubes challenges with normal saline, water, and d to the sodium cromoglycate are also shown in the .loud that figure (closed circles). If we consider the nine nebulised patients who completed the study, there was no nebulised significant change in lung function after chaly a single lenge with normal saline. After challenge with flow rate nebulised water there was a significant decrease in specific conductance (p<0-001). After chalnoglycate lenge with nebulised sodium cromoglycate there Drn nebu-was also a significant decrease in specific conr was run ductance (p<0-01), compared with values after ie aerosol receiving nebulised normal saline. The mean vice by a specific conductance of the group was 0-2 (0 05) nhydrous cm H20/second before the first nebulised water he single challenge and 0-19 (0-05) cm H20/second ectropho-before the challenge with sodium cromoglycate.
Fifteen minutes later the patients were chalOc9 lenged with nebulised water. On this occasion there was no significant change from the baseline measurement of specific conductance compared with the initial challenge with normal saline. The four patients who were challenged -0 with a further four minutes of mist also showed no change in lung function. Oxygen saturation was not monitored continously on paper during the study but did not drop below 80% at any time. The pH of nebulised sodium cromoglycate was 6-8, and the osmolality 60 mmol/kg. Normal saline had an osmolality of 280 mmol/kg and a pH of 6-7. The osmolality of sodium cromoglycate increased to 70 mmol/kg, and the osmolality of normal saline increased to 287 mmol/kg, after nebulisation. patients. In asthmatic patients, however, an increase in neutrophil chemotactic activity and histamine after challenge with nebulised water was found by Shaw et al. 7 The sodium cromoglycate nebuliser solution caused transient bronchoconstriction in the lung function similar to that occurring after nebulised salbutamol is given.4 The sodium cromoglycate nebuliser solution is hypoosmolar, which may be responsible for the bronchoconstriction. Interestingly, iso-osmolar nebulised sodium cromoglycate has been shown to provide better protection against methacholine and exercise induced bronchoconstriction in adults than the hypo-osmolar solution commercially available.8 In adults there have only been isolated reports of bronchoconstriction after challenge with sodium cromoglycate.9 10 Because resistance to airflow increases inversely with the fourth power of the radius, the response to a bronchoconstricting stimulus could have a much greater effect on airflow resistance in the smaller airways of infants. There was a slight decrease in specific conductance compared with baseline values before challenge with water and before challenge with sodium cromoglycate. This may have augmented the response to the sodium cromoglycate. Nebulised water will also have reduced the tonicity of the airway secretions. This may have augmented the response to challenge with the hypo-osmolar nebulised sodium cromoglycate. Older children and adults with larger airways do not usually develop bronchoconstriction after nebulised sodium cromoglycate.
In contrast to our findings, Chung and Jones described the bronchodilator effect of sodium cromoglycate in children. " They found that sodium cromoglycate produced significantly raised peak expiratory flow rates before exercise, which reached a maximum immediately after exercise. Sodium cromoglycate was given in a nebulised form. These results suggest that nebulised sodium cromoglycate inhibits the action of exercise induced bronchospasm, and causes bronchodilatation at the same time.
Allegra and Bianco found that in adults sodium cromoglycate prevented bronchoconstriction produced by ultrasonically nebulised distilled water. 2 This was confirmed by Anderson et al in 1983. 13 In our study nebulised sodium cromoglycate protected against the bronchoconstriction caused by nebulised water. It is unlikely that failure to induce bronchoconstriction with the second water challenge was the result of a refractory period following previous challenges. In a separate study of infants who developed bronchoconstriction after an initial challenge with water, only 20% were refractory to further challenges with water (unpublished observations). These results suggest that sodium cromoglycate must be reaching the lungs of these small infants.
The evidence that nebulised sodium cromoglycate does not work in infancy is sparse; it is our opinion that occasionally babies benefit from nebulised sodium cromoglycate. It is possible that with conventional nebulisers insufficient sodium cromoglycate enters the lungs. It is important therefore in future studies with nebulised sodium cromoglycate and other drugs in childhood that the particle size distribution of the aerosol delivered to the patient, and the amount of drug contained in various particle size factions, is published with the results so comparisons between studies may more readily be made. 
